During Ocean Drilling Program Leg 210, a greatly expanded sedimentary sequence of continuous Cretaceous black shales was recovered at Site 1276. This section corresponds to the Hatteras Formation, which has been documented widely in the North Atlantic Ocean. The cored sequence extends from the lowermost Albian, or possibly uppermost Aptian, to the Cenomanian/Turonian boundary and is characterized by numerous gravity-flow deposits and sporadic, finely laminated black shales. The sequence also includes several sedimentary intervals with high total organic carbon (TOC) contents, in several instances of probable marine origin that may record oceanic anoxic events (OAE). These layers might correspond to the Cenomanian-Turonian OAE 2; the midCenomanian event; and OAE 1b, 1c, and 1d in the Albian. In addition, another interval with geochemical characteristics similar to OAE-type layers was recognized in the Albian, although it does not correspond to any of the known OAEs. This study investigates the origin of the organic matter contained within these black shale intervals using TOC and CaCO 3 contents, C org /N tot ratios, organic carbon and nitrogen isotopes, trace metal composition, and rock-eval analyses. Most of these black shale intervals, especially OAE 2 and 1b, are characterized by low δ 15 N values (<0‰) commonly observed in mid-Cretaceous black shales, which seem to reflect the presence of an altered nitrogen cycle with rates of nitrogen fixation significantly higher than in the modern ocean.
INTRODUCTION
A greatly expanded sedimentary sequence of virtually continuous Cretaceous black shales characterized by moderately enriched total organic carbon (TOC) contents (mostly ≤2 wt%) was cored at Ocean Drilling Program Leg 210 Site 1276. The sequence extends from the lowermost Albian, or possibly uppermost Aptian, to the Cenomanian/ Turonian boundary and is considered to be equivalent to the Hatteras Formation (Jansa et al., 1979) . Based on preliminary geochemical analyses and palynological data, much of the organic matter preserved in these hemipelagic and turbiditic sediments is likely of terrigenous origin and was deposited under dysoxic/anoxic conditions (Shipboard Scientific Party, 2004) .
The mid-Cretaceous (~124-90 Ma) was characterized by warm global climate and rising sea level (e.g., Wilson and Norris, 2001) . Periodically, organic carbon-rich black shales were deposited in response to the development of dysoxic and anoxic conditions in oxygen-minimum zones along the continental margins of the tropical Tethys Sea, in restricted epicontinental seas, and in basins of the widening North and South Atlantic.
The Cretaceous sequence recovered during Leg 210 includes six sedimentary intervals with high TOC contents, in several instances of probable marine origin, which may record oceanic anoxic events (OAEs). These include the Cenomanian-Turonian OAE 2 ("Bonarelli" event); the "mid-Cenomanian" event; and OAE 1b ("Paquier" event), 1c, and 1d in the Albian (Leckie et al., 2002 , and references therein). In addition, another interval with OAE-like geochemical characteristics and located between OAEs 1c and 1b was recognized in the Albian, although it does not correspond to any of the known OAEs.
The recovery of sediments geochemically comparable to OAE-related black shales in the Newfoundland Basin is especially important in that it allows the investigation of paleoceanographic links between this part of the expanding Cretaceous North Atlantic and the rest of the world ocean. Here we report the results of shorebased analyses of the carbon and nitrogen stable isotope compositions of organic matter, rock-eval pyrolysis of bulk organic matter, and major and trace metal compositions of whole-sediment samples.
METHODS
All samples were freeze-dried overnight and subsequently ground. Concentrations of calcium carbonate were determined using the "carbonate bomb" technique (Müller and Gastner, 1971) , which measures the volume of CO 2 released by treatment of the sediments with 3-N HCl. Inorganic carbon concentrations were calculated assuming that all inorganic carbon is present as CaCO 3 .
The carbonate-free residues were washed and rinsed three times with deionized water, oven dried, and analyzed for organic carbon and total nitrogen (TN) using a Carlo Erba EA1108 CHNS-O analyzer. Relative precision for carbon is ±2% and ±3% for nitrogen. TOC and TN concentrations are expressed on a whole-sediment basis after adjusting for the removed carbonate fraction. C org /N tot ratios are calculated on an atomic basis.
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The δ 15 N and δ 13 C org values of bulk organic matter were determined on the carbonate-free sediments using a continuous-flow gas-ratio mass spectrometer (Finnigan Delta Plus XL) coupled to an elemental analyzer (Costech) at the Laboratory of Isotope Geochemistry, University of Arizona (USA). Data are expressed in the conventional δ 15 N and δ 13 C notations relative to air and Peedee belemnite standard, respectively. Standardization is based on International Atomic Energy Agency (IAEA)-N-1 and IAEA-N-2 for δ 15 N, and National Bureau of Standards-22 and U.S. Geological Survey-24 for δ 13 C. Precision is better than ±0.2‰ for δ 15 N and ±0.06‰ for δ 13 C, based on repeated internal standards.
Freeze-dried ground sediment samples were analyzed by programmed pyrolysis at the Institute of Sedimentary and Petroleum Geology of the Geological Survey of Canada (Calgary, Alberta) using a Delsi Nermag Rock-Eval 6 system. The Rock-Eval 6 yields T max values that are systematically higher than those from the Rock-Eval 2 system that is the basis for T max interpretations, so the values we report have been adjusted to the Rock-Eval 2 standard.
For determination of the major and minor element compositions, samples were prepared using a sodium peroxide digest technique modified from Knoop (2005) . Approximately 0.1000 g of sample was well mixed with 1 g of sodium peroxide in a zirconium crucible and heated in a 500°C oven for 30 min. After cooling to room temperature, 5 mL of 5% HNO 3 was slowly added to the solid residue in the crucible and the sample was transferred to a 60-mL Nalgene bottle. Next, 15 mL of 5% HNO 3 was added to the bottle along with 5 drops of concentrated HCl and 20 drops of HF. The total sample volume was brought to ~50 mL with additional 5% HNO 3 . Samples were shaken by hand for ~30 s, at which time no visible solid residue remained. Elemental analyses of Al, Ti, Fe, Mg, K, Ba, Cr, and Zn were carried out by inductively coupled plasma-optical emission spectrometer (ICP-OES) using a PerkinElmer Optima 3300DV. Analyses for Cd, Cu, Mo, Re, U, and V were carried out by ICP-mass spectroscopy (MS) on a Finnegan Element mass spectrometer.
RESULTS
Organic Carbon Concentrations and C org /N tot Ratios TOC concentrations vary between 0 and 11.7 wt% in the Cretaceous sequence (Table T1) . Virtually all samples with TOC >2 wt% are from the OAE-related black shale intervals.
C org /N tot ratios range between 1.5 and 91.7 (Table T1) , with most samples having values <40 (Fig. F1) . C org /N tot ratios are often used as indicators of the origin of organic matter, with lower values (4-10) being typical of marine algae and higher values (>20) considered to be typical of land-derived material (Meyers, 1994) . However, many Cretaceous black shales (Meyers et al., 1984; Meyers, 1987) and Mediterranean sapropels (Bouloubassi et al., 1999; Meyers and Doose, 1999; Nijenhuis and de Lange, 2000) have high C org /N tot ratios even though the organic matter appears to be marine-derived. The correspondence of high C org /N tot ratios with high TOC percentages, as observed in the samples from Site 1276 (Fig. F1) , has been postulated to result from a coupling between higher fluxes of organic matter and improved preservation of its carbon content relative to its nitrogen content (Twichell et al., 2002) . This diagenetic process is promoted by water-column suboxic T1. Carbon, C/N, and isotopic values, p. 11.
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Organic Carbon and Total Nitrogen Isotopic Compositions
Values of δ 13 C org vary from -28.3‰ to -19.6‰ in the sequence (Table T1) , although almost all samples show δ 13 C org at less than -22‰ ( Table T1) . Values of δ 13 C org are commonly used as an origin indicator of organic matter with higher values (from -25‰ to -20‰), typical of modern marine phytoplankton, and lower values typical of terrestrial plants (from -30‰ to -27‰). However, the mid-Cretaceous was a greenhouse world with high pCO 2 . The availability of dissolved CO 2 impacts the carbon isotopic composition of algal organic matter because biological discrimination in favor of 12 C increases when pCO 2 is high and decreases when it is low (e.g., Fogel and Cifuentes, 1993) . For this reason, marine organic matter produced in the Cretaceous commonly has δ 13 C values from -28‰ to -25‰ (e.g., Rau et al., 1987) , which is similar to modern C 3 land plants. Nonetheless, organic carbon isotopic compositions can still be used to reconstruct past productivity rates because during episodes of enhanced productivity algal discrimination decreases, producing higher δ 13 C org values. These higher δ 13 C org values are common in OAEs, and most of our samples within the OAE-related black shale interval present somewhat higher δ 13 C org values (greater than -26‰).
Values of δ 15 N range between -3.2‰ and 2.6‰, with most samples having δ 15 N values <0‰ (Table T1 ; Fig. F2 ). Like carbon, nitrogen isotopes can also be used as a source and/or paleoproductivity indicator. Marine algae in the modern ocean are commonly characterized by higher δ 15 N values (from +7‰ to +10‰), whereas land plants averagẽ 0‰. Values of δ 15 N can reflect variable nutrient uptake because of higher nitrogen fractionation (lower δ 15 N values) with high nitrate availability (Calvert et al., 1992) . More importantly, δ 15 N values of sediment organic matter are also sensitive to processes that deeply affect the nitrogen cycle, such as nitrogen fixation. Low δ 15 N values, common in mid-Cretaceous black shales, can reflect shifts in the mode of primary marine production from algae to microbes (Rau et al., 1987) , in which nitrogen fixers become the dominant producers. Values of δ 15 N are inversely related to TOC concentrations in our samples. Samples with higher TOC contents are characterized by negative nitrogen isotopes, which is especially evident for TOC > 5 wt% (Fig. F2) . These samples are within the OAE-related black shales and their low δ 15 N values suggest that these layers were deposited during periods characterized by an altered nitrogen cycle when nitrogen fixation rates were significantly higher in the surface ocean.
Rock-Eval Results
Rock-eval analyses help to identify the type (marine, bacterial, or terrigenous) and maturity of sedimentary organic matter (e.g., Meyers, 1996) . We report a suite of parameters and indexes obtained from this analysis in Table T2 . Land-plant organic matter tends to be rich in woody components and consequently has lower hydrogen indexes (HIs) and higher oxygen indexes (OIs) than found in lipid-rich and cel- 
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lulose-poor algal organic matter. Diagenesis, however, can cause marine organic matter to gradually acquire HI and OI values similar to those of land plant material or cause its degradation to detrital, Type IV organic matter (Meyers, 1996) . The T max of all samples from Site 1276 are <435°C (Table T2) , which indicates that the organic matter is thermally immature with respect to petroleum generation (Espitalié et al., 1977) . Additionally, a Van Krevelen-type plot of the HI and OI values of all samples ( Fig. F3) indicates that their organic matter is a mixture of continental and oxidized marine material (Meyers, 1996) . In particular, the samples from the OAE 2 and OAE 1b-related black shales (low OI and high HI) seem to contain Type I or II marine-derived organic matter (Table T2).
Trace Element Compositions
Major and minor element compositions are useful to evaluate changes in paleoproductivity rates, preservation of organic matter, and paleoenvironmental conditions. A normalization of the elemental concentrations to Al is commonly used (e.g., Wehausen and Brumsack, 1999; Warning and Brumsack, 2000; Rinna et al., 2002) in order to compensate for clastic or carbonate dilution. Aluminum is not influenced by biogenic activity, authigenic enrichment, or diagenetic dissolution (Rinna et al., 2002) .
Mild enrichments of redox-sensitive and chalcophile elements (U, Re, Cu, Mo, Cr, V, Cd, and Zn), such as the ones observed in our samples (Tables T3, T4 ), likely indicate deposition in an oxygen-poor environment (van Santvoort et al., 1997; Nijenhuis et al., 1998; Schenau et al., 1999; Hofmann et al., 2001; Arnaboldi and Meyers, 2003) . These elements are precipitated from seawater and their accumulation and immobilization in sediment is associated with dysoxic/anoxic conditions either in the water column or in the sediment. Finally, Ba, which is generally a good proxy for paleoproductivity, especially in the deep ocean (e.g., Dymond et al., 1992) , presents moderate enrichments in our samples (Tables T3, T4 ).
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We thank Adam Klaus and an anonymous reviewer for providing helpful and constructive reviews of this manuscript. Figure F1 . Comparison of total organic carbon (TOC) contents and atomic C org /N tot ratios for Site 1276 samples listed in Table T1 Table T1 , p. 11. Table  T2 , p. 14. Diagenetic pathways of kerogen Types I, II, and III are shown (modified from Meyers, 1996) . HC = hydrocarbon, TOC = total organic carbon.
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Notes: Age determinations from Shipboard Scientific Party (2004) (2004) and S. Gardin (pers. comm.). OAE = oceanic anoxic event, MCE = mid-Cenomanian event,? = undetermined. TOC = total organic carbon, S 1 = free hydrocarbon (gas and oil), S 2 = hydrocarbon generated through thermal cracking of nonvolatile organic matter, S 3 = CO 2 produced during pyrolysis of kerogen, HC = hydrocarbon, PI = productivity index, PC = pyrolized carbon, HI = hydrogen index, OI = oxygen index. 
